. Raman spectra of monolayer MoS 2 and WSe 2 . Table S1 . Definition and values of the parameters used in the theoretical model. Supplementary Materials Note S1. PhCC design.
The cavity is formed with three missing air holes (L3 type) within a triangle lattice in a 220 nm silicon membrane with refractive index n = 3.51. The second panel of Figure 1b presents the topview scanning electron microscope image of the PhCC before the fabrication of heterobilayer. The lattice constant of the structure was a = 296.2 nm and a radius of the air holes r = 83.4 nm. This combination of geometries leads to a relative thickness of d/a = 0.74 and relative hole size of r/a = 0.282. The two holes nearest to the defect in the line have been shrunk (r = 59.2 nm) and shifted outwards by 0.163a (48.4 nm) to produce better confinement of the mode, as indicated by the white arrows. Neighboring holes have been reduced by 25% in diameter to decrease their overlap with high field regions (see gray holes in the second panel of Figure 1b ). In the calculation, these design concepts achieve a mode volume of V = 0.68(/n) 3 and an effective refractive index n eff of 2.9, a very high value for this class of porous cavity membranes. We optimized the out-of-plane coupling of the cavity mode, and a coupling efficiency of 80% was achieved when using a microscope objective with NA = 0.65. The coherence time measurement experimental setup is shown in figure S2 . The setup consists of Michelson interferometer and time-correlated photon counting module (not shown in the figure).
Fig. S2. Michelson interferometer for coherent length measurement.
Note S4. β Factor fitting.
In many cases, it is not needed to utilize the full description based on semiconductor Hamiltonian. Instead, the lasing transition of the semiconductor system can be approximated with a two-level atomic system (24). This will result in the classical laser rate equation. This simpler approach has been used successfully to extract the  factor of the nanolaser from the L-L curve (13, 15) .
Using this approach (15), the cavity mode intensity P can be expressed as
where a is stimulated emission coefficient, c  is equal to the cavity confinement factor divided by the cavity photon decay rate, and ex R is the optical pumping rate. We use this equation to get the theoretical fit of our L-L curve data.
Note S5. Effect of the lifetime on lasing threshold.
The lasing threshold can be obtained by setting However, it does not fully describe the dependence of the lasing threshold to the exciton lifetime.
In order to obtain a better description of the effect of lifetime to the lasing threshold we perform the following tasks: 1. Analysis of lifetime dependence of  factor 2. Modeling the lasing emission using microscopic theory based on semiconductor
Hamiltonian (24) The  factor is defined as the ratio between the spontaneous emission that is coupled to the lasing mode and the total spontaneous emission. It depends on the cavity parameter, the emitter lifetime, and the dephasing mechanism. In our case, the exciton spectrum broadening is mainly due to the dephasing caused by inhomogeneous broadening (25). In this case, the  factor can be treated to be independent of lifetime (26). Hence, we can use constant value of  in our microscopic equation.
The microscopic theory is obtained by deriving the Heisenberg's equation of motion from the semiconductor Hamiltonian (24). The resulting equations is generally not solvable because of the time dependence of the lower order operator is coupled to higher order operator. This is called the operator hierarchy problem (27). To handle this problem, the cluster expansion method can be used to truncate the problem to correlation to finite order (24, 27).
If we consider the case of off-resonance excitation the photon carrier dynamic can be illustrated as in fig. S3  which results in interlayer exciton spontaneous emission. Additionally, the cavity enhanced photon-carrier interaction will result in stimulated emission and absorption.
If we neglect the Coulomb interaction between the carriers and the exciton-exciton interaction, we will get the following set of differential equations (27)
Based on this condition, we can get the lasing threshold as a function of exciton lifetime. The value of the lasing threshold as the lifetime is varied from 0.1 to 1 ns is shown in fig. S4 . As can be seen, the lasing threshold is reduced from 180 W to 33 W as the exciton lifetime is increased from 0.1 ns to 1 ns. As the inset of figure S4 shows the lasing threshold is proportional to the spontaneous emission rate, i.e. it is inversely proportional to the lifetime. 
